(19) 



J 



(12) 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP1 318 396 A1 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) IntCI. 7 : G01N 27/327 


11.06.2003 Bulletin 2003/24 


(21) Application number: 02771728.9 


(86^ International anDlinatinn number* 


PCT/JP02/04826 


(22) Date of filing: 17.05.2002 


(87) International Dublication number' 






(84) Designated Contracting States: 


• WATANABE, Motokazu 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Toyonaka-shi, Osaka 560-0025 (JP) 


MC NL PT SE TR 


• NAKAMINAMI, Takahiro 


Designated Extension States: 


Kyoto-shi, Kyoto 604-0903 (JP) 


AL LT LV MK RO SI 


• IKEDA, Shin 




Katano-shi, Osaka 576-0022 (JP) 


(30) Priority: 22.05.2001 J P 2001152868 


• YOSHIOKA, Toshihiko 




Hirakata-shi, Osaka 573-0035 (JP) 


(71 ) Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 


• NANKAI, Shiro 


CO., LTD. 


Hlrakata-shi, Osaka 573-0071 (JP) 


Kadoma-shi, Osaka 571-8501 (JP) 






(74) Representative: Bradley, Josephine Mary et al 


(72) Inventors: 


D. Young & Co., 


• HAS EG AW A, Miwa 


21 New Fetter Lane 


Ako-gun, Hyogo 678-1205 (JP) 


London EC4A1DA (GB) 


• YAMAMOTO, Tomohiro 




Hlrakata-shi, Osaka 573-0018 (JP) 





(54) BIOSENSOR 



(57) There is provided a cholesterol sensor with 
high-accuracy and excellent response, whose object to 
be measured is whole blood, where plasma with hemo- 
cytes therein filtered can rapidly reach an electrode sys- 
tem. In a biosensor where plasma with hemocytes 
therein filtered with a filter is sucked into a sample so- 
lution supply pathway due to capillarity, there are 



formed: a first pressing part for holding a primary side 
portion of the filter from the bottom; a second pressing 
part for holding a secondary side portion of the filter from 
the top and the bottom; a third pressing part for holding 
the central portion of the filter from the top; and a void 
for surrounding the fitter between the second pressing 
part and third pressing part. 
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Description 

Technical Field 

[0001] The present invention relates to a biosensor, 
specifically a cholesterol sensor, capable of carrying out 
speedy, highly-sensitive, simple determination of a spe- 
cific component in a sample. 

Background Art 

[0002] A description will be given to an example of a 
conventional biosensor in terms of a glucose sensor. 
[0003] A typical glucose sensor is obtained by forming 
an electrode system including at least a measurement 
electrode and a counter electrode on an insulating base 
plate by a method such as screen printing and then 
forming an enzyme reaction layer including a hydrophilic 
polymer, oxidoreductase and ah electron mediator on 
the electrode system. As oxidoreductase used is glu- 
cose oxidase; as the electron mediator used is a metal 
complex, an organic compound or the like, such as po- 
tassium ferricyanide, ferrocene derivative or quinone 
derivative. A buffer is added to the enzyme reaction lay- 
er as required. 

[0004] When a sample solution containing a substrate 
is added dropwise onto the enzyme reaction layer in this 
biosensor, the enzyme reaction layer dissolves to cause 
a reaction of the enzyme with the substrate, which ac- 
companies reduction of the electron mediator. After 
completion of the enzyme reaction, the substrate con- 
centration in the sample solution can be determined 
from a value of oxidation current, which is obtained 
when the reduced electron mediator is electrochemical- 
ly oxidized. 

[0005] In this type of glucose sensor, a reductant of 
the electron mediator generated as a result of the en- 
zyme reaction is oxidized at the electrode, to determine 
the glucose concentration from the oxidation current val- 
ue. 

[0006] Such a biosensor is theoretically capable of 
measuring diverse substances by using an enzyme 
whose substrate is an object to be measured. For ex- 
ample, when cholesterol oxidase or cholesterol dehy- 
drogenase is used as oxidoreductase, it is possible to 
measure a cholesterol value in a serum to be used as 
a diagnostic indicator in various medical institutions. 
[0007] Because the enzyme reaction of cholesterol 
esterase proceeds very slowly, with an appropriate sur- 
factant added thereto, activity of cholesterol esterase 
can be improved to reduce the time required for the 
overall reaction. 

[0008] However, the surfactant, as being included in 
the reaction system, has an adverse effect on hemo- 
cytes, making it impossible to measure whole blood it- 
self, as done in the glucose sensor. 
[0009] Thereat, a proposal has been made to provide 
a filter (hemocyte-filtering portion) in the vicinity of an 



opening of a sample solution supply pathway for rapid 
supply of only plasma with hemocytes therein filtered, 
into a sensor. When the filter is inappropriately built in 
the sensor, however, the hemocytes captured in the filter 

s are destroyed and hemoglobin dissolves out. As hemo- 
cyte components get smaller to about the size of the he- 
moglobin, filtration of the hemocyte components with 
the filter becomes difficult, whereby the hemoglobin 
flows into the sample solution supply pathway to cause 

10 a measurement error. 

[0010] This is presumably caused by the fact that a 
difference in thickness between the filter before absorb- 
ing a sample solution and the filter expanded after ab- 
sorbing the sample solution is not fitted to a gap between 

is pressing parts for holding the filter from the top and the 
bottom. When the gap between the pressing parts for 
holding the filter from the top and the bottom is too nar- 
row for the thickness of the filter expanded, the filter is 
prevented from expanding. The pore size of the filter 

20 thus prevented from expanding cannot widen sufficient- 
ly, destroying the hemocytes as infiltrating thereinto. 
[0011] As opposed to this, when the gap between the 
upper and lower pressing parts is previously set wide 
for the supposed thickness of the expanded filter, it is 

25 feared that the filter may be slided during storage since 
each sample solution has a different hematocrit value 
(ratio of red cell volume), resulted from which degrees 
of expansion of the filter also differ, depending on sam- 
ple solutions. 

30 [001 2] Moreover, when a filter is made thinner than a 
conventional one in order to reduce the amount of a 
sample solution, mere suction of the sample solution 
from the termination of a primary side portion of the filter, 
like a conventional method (Japanese Patent Applica- 

35 tion No. 2000-399056), reduces the amount of the sam- 
ple solution that can be absorbed within a certain period 
of time. For this reason, plasma flows out of a secondary 
side portion of the filter at a slower rate, and the inside 
of a sensor, especially the inside of a sample solution 

40 supply pathway, is saturated with the plasma at a slower 
rate, resulting in longer measurement time. 
[0013] As opposed to this, when a suction area is 
made wider for increasing the amount of the sample so- 
lution that can be absorbed within a certain period of 

^5 time and then the sample solution is dropped thereonto 
from the upper part of the filter, the sample solution flows 
along the surface of the filter at a faster rate than it infil- 
trates into the filter. The sample solution having flown 
along the surface of the filter then flows into the sample 

so solution supply pathway from the opening thereof con- 
necting the sample solution supply pathway to the filter, 
which may lead to a measurement error, 
[0014] It is an object of the present invention to pro- 
vide a biosensor improved such that plasma with hemo- 

55 cytes therein filtered reaches an electrode system with 
rapidity in order to obviate the disadvantages thus de- 
scribed. 

[0015] it is an object of the present invention to pro^ 
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vide a cholesterol sensor with high-accuracy and excel- 
lent response, whose object to be measured is whole 
blood. 

Disclosure of Invention 5 

[0016] A biosensor of the present invention compris- 
es: an insulating base plate; an electrode system having 
a working electrode and a counter electrode which are 
provided on the base plate; a reagent including at least '0 
oxidoreductase and an electron mediator; a sample so- 
lution supply pathway which includes the electrode sys- 
tem and the reagent and has an air aperture on the ter- 
mination side thereof; a sample supply part; and a filter 
which is disposed between the sample solution supply 15 
pathway and the sample supply part and filters hemo- 
cytes, where plasma with hemocytes therein filtered 
with the filter is sucked into the sample solution supply 
pathway due to capillarity, and is characterized by fur- 
ther comprising: a first pressing part for holding a prima- 20 
ry side portion of the filter from the bottom; a second 
pressing part for holding a secondary side portion of the 
filter from the top and the bottom; a third pressing part 
for holding the central portion of the filter from the top; 
and a void for surrounding the filter between the second 25 
pressing part and third pressing part. 
[0017] It is effective that the primary side portion of 
the filter is exposed outside at the upper face of the bi- 
osensor. It is also effective that the secondary side por- 
tion of the filter and the working electrode are not in con- so 
tact with each other. 

Brief Description of Drawings 

[0018] 35 

FIG. 1 is an exploded perspective view of a biosen- 
sor in accordance with one embodiment of the 
present invention. 

FIG. 2 is a perspective view of a biosensor in ac- *o 
cordance with one embodiment of the present in- 
vention. 

FIG. 3 is a schematic vertical sectional view of the 
biosensor illustrated in FIG. 2. 
FIG. 4 is an enlarged sectional view of the vicinity 45 
of an electrode system of a biosensor in accordance 
with another embodiment of the present invention. 
FIG. 5 is a diagram showing a response character- 
istic of a cholesterol sensor in an example of the 
present invention. so 

Best Mode for Carrying Out the Invention 

[0019] As thus described, the present invention re- 
lates to a biosensor comprising: a sample solution sup- 55 
ply pathway which includes an electrode system and a 
reagent and has an air aperture on the termination side 
thereof; and a filter which is disposed between the sam- 



ple solution supply pathway and a sample supply part 
and filters hemocytes, where plasma with hemocytes 
therein filtered with the filter is sucked into the sample 
solution supply pathway due to capillarity, and is char- 
acterized by further comprising: a first pressing part for 
holding a primary side portion of the filter from the bot- 
tom; a second pressing part for holding a secondary side 
portion of the filter from the top and the bottom; a third 
pressing part for holding the central portion of the filter 
from the top; and a void for surrounding the filter be- 
tween the second pressing part and third pressing part. 
This configuration enables prevention of destruction of 
the hemocytes caused by obstructed expansion of the 
niter even when a gap between the pressing parts for 
holding the filter from the top and the bottom is not fitted 
to the thickness of the filter expanded. Further, dropwise 
addition of a sample solution directly onto the filter can 
inhibit a measurement error that may occur as the he- 
mocytes flow along the surface of the filter into the sam- 
ple solution supply pathway. 

[0020] In the present description, "a primary side por- 
tion" of the filter refers to a portion closer to the sample 
supply part for supplying the sample while "a secondary 
side portion" of the filter refers to a portion closer to the 
sample solution supply pathway where the electrode 
system is disposed. Further, the base plate side of the 
filter is referred to as "the bottom" while the opposite side 
to the base plate of the filter "the top". 
[0021] Specifically, at the primary side portion of the 
filter, the first pressing part is in contact only with the 
bottom side of the filter so that the filter can expand up- 
ward when sucking the sample solution. Further, at the 
central portion of the filter, the third pressing part is in 
contact only with the top side of the filter so that the filter 
can expand downward when sucking the sample solu- 
tion. Moreover, also at the void that exists so as to sur- 
round the filter between the second pressing part and 
the third pressing part, the filter having sucked in the . 
sample solution can expand. In the absence of the void 
surrounding the filter, there is a possibility that the he- 
mocytes, having transmitted to the part for pressing the 
filter without passing through the filter, may flow into the 
electrode system. As thus described, reduction of as 
many parts that prevent a size change of the filter 
caused by the expansion thereof, as possible allows 
free change in pore size of the filter as well as filtration 
free from the destruction of the hemocytes. 
[0022] In addition, at the primary side portion of the 
filter in the biosensor of the present invention, the first 
pressing part is in contact only with the bottom side of 
the filter so that an opening can be provided at the upper 
part to make the primary side portion exposed outside 
the biosensor, whereby the sample solution can be 
dropped directly onto the filter. 
[0023] Furthermore, the third pressing part present on 
the upper side of the central portion of the filter serves 
like a weir for preventing the sample solution, dropped 
from the opening, from flowing along the surface of the 
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upper side of the filter. It is thereby possible to prevent 
the sample solution from infiltrating into the sample so- 
lution supply pathway without undergoing filtration proc- 
ess. 

[0024] The electron mediator for use in the present 5 
invention can be selected from potassium ferricyanide 
or a redox compound having the electron transferring 
ability to and from oxidoreductase such as cholesterol 
oxidase. 

[0025] Oxidoreductase is an enzyme whose sub- 10 
strate is an object to be measured, and glucose oxidase 
is applied to a sensor where glucose is the object to be 
measured. For measurement of a cholesterol value in 
blood serum to be used as a diagnostic indicator, cho- 
lesterol oxidase which is an enzyme for catalyzing an 15 
oxidation reaction of cholesterol, or cholesterol esterase 
which is an enzyme for catalyzing the process of chang- 
ing cholesterol dehydrogenase and cholesterol ester to 
cholesterol, is used. Because the enzyme reaction of 
cholesterol esterase proceeds very slowly, with an ap- 20 
propriate surfactant added thereto, activity of cholester- 
ol esterase can be improved to reduce the time required 
for the overall reaction. 

[0026] These are disposed as a reaction layer on or 
in the vicinity of the electrode system in the sensor. 25 
These may also be mixed with a conductive material 
constituting the electrode and a reagent to form the elec- 
trode system. In a sensor which is combined with the 
base plate provided with the electrode system and com- 
prises a cover member, which forms the sample solution so 
supply pathway for a supply of the sample solution to 
the electrode system between the base plate and the 
sensor, these can be provided at the part exposed to the 
sample solution supply pathway, the opening of the 
sample solution supply pathway, or the tike. Wherever 35 
the place is, it is preferable that the sample solution in- 
troduced can dissolve the reagent with ease and then 
arrive at the electrode system. It is preferable to form 
the hydrophilic polymer layer in contact with the upper 
face of the electrode system so as to protect the elec- *o 
trode and prevent the reagent formed from being peeled 
off. Besides the electrode system, it is also preferable 
that the hydrophilic polymer layer is formed as the base 
of the reagent as formed or it is included in the bottom- 
layer reagent. 45 
[0027] It is preferable that the layer including the elec- 
tron mediator is separated from the surfactant for en- 
hancing the solubility. It is also preferable that it is sep- 
arated from enzyme cholesterol oxidase and cholesterol 
esterase, which catalyze the oxidation reaction of cho- so 
lesterol, for the sake of preservation stability. 
[0028] With respect to a biosensor for measuring a 
blood sugar level, there is an example where a layer 
containing lipid is formed so as to cover a layer formed 
on the electrode system, or the like, to facilitate intro- 55 
duction of the sample solution to the reagent (e.g. Jap- 
anese Laid-Open Patent Publication No. 2-062952). In 
the biosensor for measuring cholesterol in accordance 



with the present invention, it is preferable to form part 
of the reagent by freeze-drying (e.g. Japanese Patent 
Application No. 2000-01 8834) or to provide hydrophilic- 
ity to the surface of a cover member by processing by 
means of a surfactant, plasma irradiation or the like. Ap- 
plication of such a configuration can eliminate the need 
for formation of a lipid layer. 

[0029] The examples of the hydrophilic polymer to be 
used include water-soluble cellulose derivatives such 
as, ethyl cellulose, hydroxypropyl cellulose and car- 
boxymethyl cellulose in particular, and polyvinyl pyrro- 
lidone, polyvinyl alcohol, gelatin, agarose, polyacrylic 
acid and the salts thereof, starch and the derivatives 
thereof, polymers of maleic anhydride or the salts there- 
of, polyacrylamide, methacrylate resin, and poly-2-hy- 
droxyethyl methacrylate. 

[0030] The examples of the surfactant include n-octy I- 
p-D-thioglucoside, polyethylene glycol monododecyl 
ether, sodium cholate, dodecyl-0-maltoside, sucrose 
monolaurate, sodium deoxycholate, sodium taurodeox- 
ycholate, N,N-bis (3-D-gluconeamidopropyl) deoxyc- 
holeamide and polyoxyethylene (10) octyl phenyl ether. 
[0031] As for the lipid favorable used is an amphip- 
athic phospholipid such as lecithin, phosphatidylcholine 
or phosphatidyl ethanolamine. 
[0032] As the measuring method of the oxidation cur- 
rent, a two-electrode system composed only of a meas- 
urement electrode and a counter electrode and a three- 
electrode system further comprising a reference elec- 
trode are applicable, and in the three-electrode system, 
more accurate measurement is possible. 
[0033] in the following, the present invention will be 
described in detail with the use of concrete embodi- 
ments. 

[0034] FIG. 1 is an exploded perspective view of a bi- 
osensor in accordance with a preferred embodiment. 
[0035] An insulating base plate 1 is made of an insu- 
lating resin e.g. polyethylene terephthalate. On the left 
side part of the base plate 1 in FIG. 1 , an electrode sys- 
tem including a working electrode 2 and a counter elec- 
trode 3 is formed by forming a palladium thin film by 
means of vapor deposition or sputtering, followed by la- 
ser trimming. The area of the electrode is determined 
corresponding to a width of a slit 9 formed on a spacer 
6 later described. An aperture 4 is formed in the base 
plate 1 . 

[0036] A spacer 6 to be combined with the base plate 
1 comprises an auxiliary slit 7 for accommodating a filter 
5 therein, a slit 9 constituting a sample solution supply 
pathway 9', and an opening 8, through which the auxil- 
iary slit 7 communicates with the slit 9. 
[0037] In a cover 10 formed are an aperture 11 and 
an air aperture 12; in an auxiliary plate 13 formed are 
an aperture 14 for supplying a sample solution to the 
filter 5, an aperture 1 5, and a partition portion 1 8 to serve 
as a third pressing part. 

[0038] In an auxiliary upper cover 1 6 formed is an ap- 
erture 17 constituting a sample solution supply part for 
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dropping the sample solution onto the filter 5, and an 
auxiliary lower cover 20 is composed of a flat plate. In 
integration of each of the members shown in FIG. 1 , the 
right side part of the auxiliary slit 7, the right side part of 
the aperture 11 formed in the cover 10, the aperture 14 
formed in the auxiliary plate 13 and the aperture 17 
formed in the auxiliary upper cover 16 in FIG. 1 are com- 
municated. 

[0039] The fitter (hemocyte-filtering portion) 5 is made 
of glass-fiber filter paper, and has an isosceles triangle 
shape with a bottom of 3 mm and a height of 5 mm in 
the projection thereof drawing to the plane face which 
is the same as the base plate 1. A semicircular portion 
with a radius of 0.4 mm (not shown) is formed at the tip 
of the secondary side portion. The filter 5 has a thick- 
ness of about 300 to 400 urn. 
[0040] For fabrication of this sensor, first, the base 
plate 1 is placed on an auxiliary lower cover 20 such that 
the right edge of the auxiliary lower cover 20 is aligned 
with that of the base plate 1 in such a positional relation 
shown by the dashed line in FIG. 1 to obtain a joint base 
plate A. 

[0041 ] Next, in such a positional relation shown by the 
dashed line in FIG. 1 , the cover 10 and the spacer 6 are 
combined such that the respective right sides thereof, 
namely the parts corresponding to the bottom sides of 
the isosceles triangle shapes formed in the aperture 11 
and the auxiliary slit 7 in the projection thereof drawing 
to the plane face which is the same as the base plate 1 , 
are aligned with each other, to obtain a joint base plate 
B. At that time, a reaction layer is formed, as later de- 
scribed, on the part of the cover 10 facing the slit 9, 
namely on the upper side part of the sample solution 
supply pathway 9*. 

[0042] Furthermore, the joint base plate A comprising 
the base plate 1 and the auxiliary lower cover 20 and 
the joint base plate B comprising the cover 10 and the 
spacer 6 are combined in such a positional relation 
shown by the dashed line in FIG. 1 , and in the projection 
thereof drawing to the plane face which is the same as 
the base plate 1, the filter 5 is disposed such that the 
right edge (bottom side) of the primary side portion of 
the filter 5 having an isosceles triangle shape is aligned 
with the right end parts of the aperture 11 and the aux- 
iliary slit 7. In other words, the filter 5 is in the state of 
being disposed on the base plate 1 while being fitted in 
the auxiliary slit 7 of the space 6 and the aperture 11 of 
the cover 10. 

[0043] Moreover, the tip of the secondary side portion 
of the filter 5 gets into the sample solution supply path- 
way 9* formed by the slit 9 and is interposed between 
the base plate 1 and the cover 10, and this interposed 
part constitutes a second pressing part. A detailed de- 
scription will be given later. Finally, the auxiliary plate 13 
and the auxiliary upper cover 1 6 are disposed on the 
cover 10 such that the right ends of the apertures 14 
and 1 7 are aligned with the right ends of the aperture 1 1 
of the cover 1 0 and the auxiliary slit 7 of the spacer 6 in 
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such a positional relation shown by the dashed line in 
FIG. 1. 

[0044] A schematic perspective view of the biosensor 
thus obtained is shown in FIG. 2. The cross sectional 

5 structure thereof is shown in FIG. 3. FIG. 3 is a sche- 
matic vertical sectional view of the biosensor of the 
present invention and corresponds to the X-X line cross 
sectional view shown in FIG. 2. In the biosensor of the 
present invention shown in FIG. 2, the apertures 15 and 

10 4 for making the filter 5 not in contact with the other 
members are formed, as shown in FIG. 3. 
[0045] That is to say, as shown in FIG. 3, there are 
formed: a first pressing part "a" for holding a primary side 
portion of the filter 5 from the bottom of the filter 5; sec- 

is ond pressing parts "b" and °b'* for holding a secondary 
side portion of the filter 5 from the top and the bottom of 
the filter 5; a third pressing part "c" for holding the central 
portion of the filter 5 from the top; and an aperture (void) 
1 5 for surrounding the filter 5 between the second press- 

20 ing parts "b" and B b" and the third pressing part V. Fur- 
ther, a cavity exists at the part corresponding to the part 
under the filter 5 as well as under the third pressing part 
"C", which forms the aperture (void) 4 communicating 
to the aperture 15. 

25 [0046] FIG. 4 is a schematic vertical sectional view 
showing still another mode of a biosensor of the present 
invention. A reaction layer and an electrode system are 
omitted from FIG. 2, whereas the reaction layer and the 
electrode system are shown in FIG. 4. A hydrophilic pol- 

30 ymer layer 21 and a reaction layer 22a are formed on 
the electrode system (2 and 3) of the base plate 1 . Fur- 
ther, a reaction layer 22b is formed on the lower face 
side of the cover 10 corresponding to the sealing of the 
sample solution supply pathway. It is to be noted that 

35 the other members shown in FIG. 4 are equivalent to 
those shown in FIG. 3. 

[0047] While the biosensors shown in FIGS. 1 to 4 are 
produced using six types of members so as to make the 
structures thereof easy to understand, the auxiliary up- 

4> per cover 1 6 and the auxiliary plate 1 3, or further includ- 
ing the spacer 10, may be composed of one member. 
The lower auxiliary cover 20 and the base plate 1 may 
further be composed of one member. 
[0048] For measurement of cholesterol in blood with 

45 the use of this sensor, blood as the sample solution is 
supplied from the sample solution supply part constitut- 
ed by the aperture 1 7 of the auxiliary upper cover 1 6 to 
the part (sample supply part) for holding the filter 5. The 
blood supplied here infiltrates from the upper surface of 

so the primary side portion of the filter 5 thereinto. In the 
filter 5, plasma exudes from the termination of the sec- 
ondary side portion of the filter 5 because the infiltrating 
rate of hemocytes is slower than that of the plasma 
which is a liquid component. The exuded plasma then 

55 fills the entire sample solution supply pathway 9* consti- 
tuted by the slit 9 extended to the vicinity of the electrode 
system and further to the part of the air aperture 12, 
while dissolving a reaction layer carried on the position 
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covering the electrode system and/or the reverse face 
of the cover 10. Once the entire sample solution supply 
pathway 9' is filled with the liquid, the flow of the liquid 
in the filter 5 also stops and hence the hemocytes are 
held in the filter 5 at that time, without arriving at the 
termination of the secondary side portion of the filter 5. 
It is therefore necessary to design the filter 5 so as to 
have a difference in flow resistance between the plasma 
and the hemocytes to the extent that, when the plasma 
of enough an amount to fill the entire sample solution 
supply pathway 9' passes through the filter, the hemo- 
cytes do not reach the secondary side portion of the filter 
5. A depth filter with a pore size of about 1 to 7 \m is 
favorably applied to the filter of the present invention. In 
the case of the example of the present invention, the 
filter favorably has a thickness of 300 to 400 um. 
[0049] After undergoing such a process of filtering the 
hemocytes, a chemical reaction of the reaction layer dis- 
solved by the plasma with a component to be measured 
(cholesterol in the case of a cholesterol sensor) in the 
plasma occurs, and a current value in the electrode re- 
action is measured after a lapse of a certain period of 
time to determine a component in the plasma. 
[0050] FIG. 4 shows an example of disposition of the 
reaction layer in the vicinity of the electrode system of 
the sample solution supply pathway 9'. On the electrode 
system of the base plate 1 formed are the hydrophilic 
polymer layer 21 such as sodium carboxymethyl cellu- 
lose (hereinafter simply referred to as "CMC") as well 
as the reaction layer 22a including a reaction reagent e. 
g. the electron mediator. The reaction layer 22b includ- 
ing oxidoreductase is formed on the surface exposed to 
the sample solution supply pathway 9* on the reverse 
face of the cover member, which is given by combining 
the cover 10 and the spacer 6. 
[0051] As shown in FIGS. 1 to 4, the cross sectional 
area, vertical to the direction of the flowing liquid, of the 
sample solution supply pathway 9' constituted by the slit 
9 is made smaller than the cross sectional area of the 
primary side portion of the filter 5; however, the part at 
a distance of 1 mm from the secondary side portion of 
the filter 5 is compressed and disposed in the vicinity of 
the opening 8 of the sample solution supply pathway 9\ 
In the case of suction power of a sensor having the size 
described in the example of the present invention, the 
part of the filter 5 to be compressed was favorably at a 
distance of not longer than about 1 mm from the termi- 
nation of the secondary side portion. Further, with re- 
spect to the degree of compression of the secondary 
side portion of the filter 5, it was preferably that the sec- 
ondary side portion was compressed into about one 
fourth to one third of the primary side portion. While it is 
difficult to represent the suction power of the sensor by 
a numeric value in such a compressing condition, in the 
case of a spacer with a thickness of 1 00 u.m, a filter with 
a thickness of 370 um exhibited a favorable measure- 
ment result (flow-in rate). It should be noted that, in the 
case of the filter with a thickness of 31 0 ujti or less, the 



flow-in rate was slower. 

[0052] As thus described, making the cross sectional 
area of the sample solution supply pathway 9' smaller 
than the cross sectional area of the primary side portion 

5 of the filter 5 allows rapid suction of plasma, with hemo- 
cytes therein filtered with the filter 5, into the sample so- 
lution supply pathway 9' due to capillarity 
[0053] The reaction layer generally comprises an 
easy-to-dissolve part and a hard-to-dissolve part. A por- 

10 tion of the reaction layer at the edge of the sample so- 
lution supply pathway 9\ i.e. the part along the wail face 
of the slit 9 in the spacer 6 is easy to dissolve, whereas 
the central portion of the reaction layer in the flowing 
direction of the liquid is hard to dissolve. Since the sam- 

15 pie solution having passed through the filter 5 flows 
along the spacer 6 by priority, there may be cases where 
the sample solution fills in the air aperture before com- 
plete dissolution of the central portion of the reaction lay- 
er. Protrusion of the central portion of the secondary side 

20 portion of the filter 5 into the sample solution supply 
pathway 9* more than the both the right and left termi- 
nations thereof enables the priority flow of the sample 
solution through the central portion of the sample solu- 
tion supply pathway 9\ whereby the plasma can be rap- 

25 idly flown into the sensor without leaving bubbles at the . 
central portion of the sample solution supply pathway 9'. 
[0054] In measurement, when blood as the sample 
solution is supplied from the sample solution supply part 
constituted by the aperture 1 7 of the auxiliary upper cov- 

30 er 16 to the filter 5, the blood infiltrates from the upper 
surface of the primary side portion of the filter 5 there- 
into. In the presence of the third pressing part "c" to 
serve as a partition at that time, dropwise addition of the 
sample solution onto the surface of the filter 5 will not 

35 be followed by priority flowing of the sample solution 
along the surface of the filter 5 directly into the sample 
solution supply pathway 9. Further, in the projection 
thereof drawing to the plane face which is the same as 
the base plate 1 , the position of the third pressing part 

40 "c" does not correspond to that of a first pressing part 
"a", whereby neither the expansion of the filter 5 is ob- 
struced nor there is the fear of destroying the hemo- 
cytes. 

[0055] It is preferable that the electrode system com- 
45 prises a noble metal electrode. With the width of the 
sample solution supply pathway being preferably not 
more than 1 .5 mm, accuracy in determination of an elec- 
trode area is poor in a printing electrode processed by 
screen printing. As opposed to this, the noble metal 
so electrode exhibits a high accuracy in determination of 
the electrode area as being able to be subjected to laser 
trimming by a width of 0.1 mm. 
[0056] Below, an example of the present invention will 
be described; however, the present invention is not lim- 
55 ited to this. 



6 



11 



EP 1 318 396 A1 



12 



Example 

[0057] A cholesterol sensor having the configurations 
of FIGS. 1 to 4, where the reaction layer 22a included 
the electron mediator and the reaction layer 22b includ- 
ed cholesterol oxidase, cholesterol esterase and a sur- 
factant, was produced. . 

[0058] First, 5 ui of an aqueous solution containing 0.5 
wt% of CMC was dropped onto the electrode system of 
the base plate 1 , and dried in a drying apparatus with 
warm blast at 50°C for 1 0 minutes to form the CMC layer 
21. 

[0059] Next, 4 til of potassium ferricyanide aqueous 
solution (corresponding to 70 mM of potassium ferricy- 
anide) was dropped onto the CMC layer 21 , and dried 
in the drying apparatus with warm blast at 50°C for 10 
minutes to form the layer 1 8a including potassium ferri- 
cyanide. . 

[0060] Polyoxyethylene (10) octyl phenyl ether (Tri- 
tonX-100) as the surfactant was added to an aqueous 
solution with cholesterol oxidase originating from Nocar- 
dta (ECI.1 .3.6) and cholesterol esterase originating from 
Pseudomonas (EC.3.1.1.13) dissolved therein. 0.64 uJ 
of this mixed solution was dropped onto the part (sample 
supply pathway 9') of the slit 9 formed by integrating the 
cover 1 0 with the spacer 6, prefrozen with liquid nitrogen 
at-196°C, and dried in afreeze-drying apparatus for two 
hours, to form the reaction layer 22b including 570 U/ml 
of cholesterol oxidase, 1 ,425 U/ml of cholesterol este- 
rase, and 2 wt% of the surfactant. 
[0061] The slit 9 had a width of 0.8 mm and a length 
(the length between the opening of the sample solution 
supply pathway 9' and the air aperture) of 4.5 mm. The 
spacer 6 had a thickness (the distance between the 
base plate 1 and the cover 10) of 100 urn. 
[0062] As for the filter 5 used is one made of a glass 
fiber filter having a thickness of about 370 urn in an isos- 
celes triangle shape with a bottom of 3 mm and a height 
of 5 mm. The tip of the secondary side portion (the part 
in contact with the opening 8 of the sample solution sup- 
ply pathway 9*) was roundly processed and then placed 
between the joint base plate A comprising the base plate 
1 and the auxiliary lower cover 20 and the joint base 
plate B comprising the cover 10 and the spacer 6. 
[0063] Subsequently, the member obtained by plac- 
ing the filter 5 between, the joint base plate A and the 
joint base plate B was bonded to the member obtained 
by integrating the auxiliary plate 1 3 with the auxiliary up- 
per cover 1 6, to produce a cholesterol sensor having the 
structures shown in FIGS. 1 , 2 and 4. 
[0064] 10 uJ of whole blood as the sample solution 
was introduced into the sample solution supply part of 
this sensor; three minutes later, a pulse voltage of +0.2 
V was applied to the measuring electrode toward the 
anode relative to the counter electrode, and five sec- 
onds later, a value of a current flowing between the 
working electrode and the counter electrode was meas- 
ured. The results were shown in FIG. 5. FIG. 5 is a graph 



showing relations between the total cholesterol concen- 
tration and the response current. 
[0065] As is evident from FIG. 5, according to the sen- 
sor of the present invention, a favorable linearity be- 

5 tween the cholesterol concentration and the response 
current value was obtained. In FIG. 5, "X" indicates the 
result of plasma with a ratio of red cell volume of 0%, 
°CT indicates the result of whole blood with a ratio of red 
cell volume of 35%, and "CT indicates the result of whole 

10 blood with a ratio of red cell volume of 60%. 

Industrial Applicability 

[0066] According to the present invention, hemocytes 
15 as interfering substances can be removed without the 
destruction thereof by a filter, and plasma with hemo- 
cytes therein removed can be supplied with rapidity to 
an electrode system even with the thickness of the filter 
being thin. Accordingly, there can be provided a chem- 
20 ical biosensor excellent in response characteristic. 



Claims 

25 1. A biosensor comprising: an insulating base plate; 
an electrode system having a working electrode 
and a counter electrode which are provided on said 
base plate; a reagent including at least oxidoreduct- 
ase and an electron mediator; a sample solution 

30 supply pathway which includes said electrode sys- 
tem and said reagent and has an air aperture on the 
termination side thereof; a sample supply part; and 
a filter which is disposed between said sample so- 
lution supply pathway and said sample supply part 

35 and filters hemocytes, where plasma with hemo- 
cytes therein filtered with said filter is sucked into 
said sample solution supply pathway due to capil- 
larity, 

characterized by further comprising: a first 
40 pressing part for holding a primary side portion of 
said filter from the bottom; a second pressing part 
for holding a secondary side portion of said filter 
from the top and the bottom; a third pressing part 
for holding the central portion of said filter from the 
45 top; and a void for surrounding said filter between 
said second pressing part and third pressing part. 

2. The biosensor in accordance with Claim 1 , charac- 
terized in that said primary side portion of said filter 

50 is exposed outside at the upper face of the biosen- 
sor. 

3. The biosensor in accordance with Claim 1 or 2, 
characterized in that said secondary side portion 

55 of said filter and said working electrode are not in 
contact with each other. 
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